Detyrosinated Glu-tubulin is a substrate for cellular Factor XIIIA transglutaminase in differentiating osteoblasts.
Microtubule components α- and β-tubulin undergo a number of posttranslational modifications that modulate their dynamics and cellular functions. These modifications include polyamination and covalent crosslinking by transglutaminase enzymes. We have demonstrated previously that the less dynamic and more stable tubulin form-detyrosinated Glu-tubulin-is found in high molecular weight, oligomeric complexes in bone-forming osteoblasts during differentiation and along with deposition of collagenous extracellular matrix. In this study, we report that oligomeric Glu-tubulin has high nocodazole tolerance, indicating further increased stability. We show that α-tubulin, which gives rise to Glu-tubulin, is a transglutaminase substrate in in vitro assays and that it is crosslinked into oligomers (dimers, trimers and tetramers) by transglutaminase 2 and Factor XIIIA; β-tubulin was not crosslinked by transglutaminase activity. The oligomeric Glu-tubulin was specifically localized to the plasma membrane of osteoblasts as analyzed by subcellular fractionation, cell surface biotinylation experiments and total internal reflection fluorescence (TIRF) microscopy. Glu- and α-tubulin co-localized with cellular Factor XIIIA as analyzed by conventional and TIRF microscopy. The Factor XIIIA-specific substrate peptide bF11 co-localized with α-tubulin and acted as a competitive inhibitor to oligomerization of Glu-tubulin, attenuating its formation in cells. This was associated with significantly decreased type I collagen deposition and decreased secretory activity as measured by synaptotagmin VII levels on the osteoblast plasma membrane. Our results suggest that Glu-tubulin may exist as covalently stabilized form which may be linked to the secretion and elaboration of collagenous extracellular matrix.